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ABSTRACT
The p u rp o s e  o f  t h e  s tu d y  was t h e  d ev e lo p m e n t  o f  a  m ethod 
o f  s e p a r a t i o n  o f  t h e  n i t r o g e n  com pounds, from  c o a l  l i q u i d s  
u s i n g  l i g a n d  ex change  c h ro m a to g ra p h y .  The sam ple  u s e d  f o r  
t h i s  s t u d y  was h ig h  v o l a t i l e  "C” b i tu m in o u s  c o a l  from  t h e  
P i t t s b u r g h  #& Seam I r e l a n d  M ine , W est V i r g i n i a ,  w h ich  had  b e e n  
c o n v e r t e d  t o  c o a l  l i q u i d  by  a  CO-steam p r o c e s s .
E x p e r im e n ta t io n  c o n s i s t e d  o f :
A. M easurem ent o f  t h e  t o t a l  amount o f  n i t r o g e n  i n  t h e  c o a l .
B. M easurem ent o f  t h e  t o t a l  amount o f  n i t r o g e n  i n  t h e  c o a l  l i q u i d .
C. D e t e r m in a t io n  o f  t h e  p e r c e n t a g e  o f  n i t r o g e n  i n  t h o s e  com­
pounds w h ich  d i s s o l v e  i n  m e th a n o l ,  t h e  s o l v e n t  s e l e c t e d  
f o r  ch rom atogram  d e v e lo p m e n t .
D. D e t e r m in a t io n  o f  t h e  f r a c t i o n  o f  n i t r o g e n  w h ich  was a b s o r b e d  
on a  colum n o f  s u l f o n a t e  p o l y s t y r e n e  r e s i n  w h ich  was 
lo a d e d  w i t h  c o p p e r  ( I I )  i n  m e th a n o l  s o l u t i o n .
Two m ethods w ere  u s e d  f o r  p r e p a r i n g  t h e  l i g a n d  exchange  
c o lu m n s :
A. The r e s i n  was lo a d e d  w i t h  CuSO^ i n  aq ueous ammonia.
B. The r e s i n  was lo a d e d  w i t h  C u C ^  i n  m e th a n o l .
The r e s u l t s  o f  s e p a r a t i o n  by t h e  two m ethods show t h a t  t h e  
co lum ns w h ich  w ere  p ack ed  w i t h  ty p e  (B) r e s i n  a b s o rb e d  more 
n i t r o g e n  compounds t h a n  ty p e  (A ) .  The e l u a n t  was m e th a n o l  





T a b le  o f  F i g u r e s  .................... • • • • • • • • • • • •  v
A cknow ledgm ents • • • • ........................  . . . . . . . .  v i
I n t r o d u c t i o n    , . . • • • • • • • • • •  1
E x p e r i m e n t a t io n  • ............................................  6
Sam ple P r e p a r a t i o n  .........................  6
R e a g e n t ............................... .......................................................... 6
Column • • • • • • • • •  7
R e s i n   ................................................   . 7
P r e p a r a t i o n  o f  R e s in  • • • •  ............................................  7
P r o c e d u r e s  f o r  t h e  N i t r o g e n  Compound S e p a r a t i o n s  3
C a l c u l a t i o n     . . . . .  11
D i s c u s s i o n    • • • • • • • • • • • •  17






F i g u r e  I s  D i g e s t i o n  a p p a r a t u s  • • • • • • • • • • •  9




I  w is h  t o  e x p r e s s  my th a n k s  t o  t h e  f o l l o w i n g  p e o p le  
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B ecau se  o f  t h e  e n e rg y  s h o r t a g e ,  p o l l u t i o n  c o n t r o l s  and 
u n d e s i r a b l e  d e p en d en ce  on f o r e i g n  p e t r o le u m  s o u r c e s ,  t h e r e  i s  
to d a y  renew ed  i n t e r e s t  i n  c o a l  h y d r o l i q u e f a c t i o n ,  t o  p ro d u c e  
a  c l e a n  f u e l  f rom  d o m e s t ic  r e s o u r c e s .
The c o - s te a m  p r o c e s s  w h ich  h a s  b e e n  u se d  f o r  c o n v e r t i n g  
c o a l  t o  c o a l  l i q u i d ,  u s e s  t h e  w a t e r  g a s  s h i f t  r e a c t io n * ^ "
h2o + CO = co2 + h2
t o  p ro d u c e  h y d ro g e n  f o r  h y d r o g e n a t io n .  The u n s a t u r a t e d  com­
pounds and n i t r o g e n  compounds a r e  r e d u c e d  t o  s a t u r a t e s  and
2am in es  r e s p e c t i v e l y .
CnHm + |-(2n  + 2 -  m) H -C.a£ a-ty -s-1i CnH2n + 2
RN02 + 3H2 ------------ ► RNH2 + 2H2 0
The m eth o d s  w h ich  a r e  u s e d  f o r  s e p a r a t i o n  o f  n i t r o g e n  com­
pounds fro m  l i q u i d  f u e l s  a r e :  The u s e  o f  f e r r i c  c h l o r i d e  t o
fo rm  c o o r d i n a t i o n  com plexes  w i t h  n i t r o g e n  compounds i n  
p e t r o l e u m ,  and  an  im provem en t o f  t h i s  t e c h n iq u e  by s u p p o r t ­
i n g  t h e  m e t a l  s a l t  on a  k a o l i n  s u b s t r a t e
A c o m b in a t io n  o f  t h e  above  t e c h n i q u e s  h a s  b e e n  u se d  t o  
s e p a r a t e  n e u t r a l  n i t r o g e n  f r a c t i o n s  f ro m  h e a v y -e n d  p e t r o le u m  . 
d i s t i l l a t e s . ^
I o n  exch an g e  c h ro m a to g ra p h y  h a s  b e e n  u s e d  by S n y d e r  and 
B u e l l  t o  remove t h e  n i t r o g e n  compounds from  g a s o l i n e ,  by
T-1855 2
u s i n g  a  bed  o f  D u o l i t e  C-10 i n  t h e  h y d ro g e n  fo rm , p r e v i o u s l y
e q u i l i b r a t e d  w i t h  m e th a n o l .^
The te rm  " l i g a n d  e x c h a n g e ” was i n t r o d u c e d  i n  1961 by
H e l f f e r i c h ,  t o  d e s c r i b e  t h e  ex change  o f  e l e c t r o n - d o n a t i n g
l i g a n d s  (L ew is b a s e s )  c o o r d i n a t e d  t o  m e ta l  i o n s  h e ld  by
7c a t i o n  ex chang e  r e s i n . '
L ig a n d  s o r p t i o n  by  c a t i o n  e x c h a n g e r s  c o n t a i n i n g  com plex­
es
i n g  m e t a l  i o n s  was o b s e r v e d  a s  e a r l y  a s  1954 by W alto n .
The m ethod  com bines  two f i e l d s  o f  c h e m is t r y ,  n a m e ly ,  
i o n  ex ch an ge  and c o o r d i n a t i o n  c h e m i s t r y ,  i n  o r d e r  t o  accom­
p l i s h  a  t a s k  t h a t  n e i t h e r  c o u ld  do a l o n e .  An i o n  e x c h a n g e r
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c o n t a i n i n g  a  co m p lex in g  m e ta l  i o n  (Cu , Co , Ni , Ag ,
e t c . )  i s  u s e d  a s  a  s o l i d  s o r b e n t .  The p o t e n t i a l  l i g a n d s  a r e
s o r b e d  from  s o l u t i o n s  o r  g a s e s  and  fo rm  com plexes w i t h  t h e
m e t a l  i n  t h e  r e s i n  by  d i s p l a c i n g  o t h e r  l i g a n d s  w h ich  p r e v i o u s l y
7
com plexed  t h e  m e t a l . ' L ig a n d s  w h ich  hav e  b e en  i s o l a t e d  o r  
s e p a r a t e d  i n c l u d e  ammonia, o r g a n i c  a m in e s ,  p o l y h d r i c  a l c o ­
h o l s ,  o l e f i n s ,  a c e t y l e n e  d e r i v a t i v e s ,  a n io n s  o f  o r g a n ic  
a c i d s  and amino a c i d s .
L ig a n d  ex ch an g e  has^ s e v e r a l  a d v a n ta g e s  o v e r  c o n v e n t i o n a l  
c a t i o n  e x c h a n g e .  F i r s t ,  com plex  f o r m a t io n  i s  a  v e ry  s t r o n g  
i n t e r a c t i o n  i f  t h e  p r o p e r  m e t a l  i o n  i s  c h o se n .  T h is  p r o v i d e s  
a  v e r y  s t r o n g  " d r i v i n g  f o r c e ” f o r  l i g a n d  s o r p t i o n .  Complexes 
o f  a  m e ta l  i o n  w i t h  v a r i o u s ,  e v e n - r a t h e r - s i m i l a r  l i g a n d s
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d i f f e r  g r e a t l y  i n  t h e i r  s t r e n g t h .  S e c o n d ly ,  many v a r i a t i o n s  
o f  s e l e c t i v i t y  can  be a t t a i n e d  by  c h a n g in g  t h e  n a t u r e  o f  t h e  
m e t a l  i o n  and  t h e  e x c h a n g e r .  F i n a l l y ,  t h e  c a p a c i t y  o f  t h e  
r e s i n  i s  s u b s t a n t i a l l y  i n c r e a s e d ,  two f i x e d  s u l p h o n a te  io n s
w h ere  R r e p r e s e n t s  t h e  f i x e d  i o n i c  g roup  o f  a  c a t i o n  e x c h a n g e r ,
b a r s  o v e r  sym bols  r e f e r  t o  t h e  i n t e r i o r  o f  t h e  r e s i n .
L ig a n d  ex ch ange  c h ro m a to g ra p h y  h a s  b e en  v e r y  s u c c e s s f u l
i n  s e p a r a t i o n  o f  a m in e s .  M ost l i g a n d  exchange  s t u d i e s  o f
am in es  h av e  b e e n  made w i t h  s u l f o n a t e d  p o l y s t y r e n e  r e s i n s  c o n -
7t a i n i n g  n i c k e l  i o n s .  H e l f f e r i c h  , u s e d  c a t i o n  ex change  r e s i n s
+2 +2lo a d e d  w i t h  t h e  i o n s  Cu and Ni i n  t h e  form  o f  t h e i r  amine 
com p lex es  t o  a b s o rb  t h e  d ia m in e  1 , 3 -  d ia m in o p r o p a n - 2 - o l  from  
a  d i l u t e  a q u eu s  s o l u t i o n  w h ich  a l s o  c o n ta in e d  ammonia.
The f o l l o w i n g  e l u t i o n  o r d e r  h a s  b e en  o b s e rv e d  f o r  a l i ­
p h a t i c  a m i n e s ^  ^  ( t h e  m ost w e ak ly  bound amine b e in g  l i s t e d
+2b in d  one Cu i o n ,  w h ich  i n  t u r n  can  b in d  up t o  f o u r  amine 
m o l e c u l e s . ^
o
T y p ic a l  ” l i g a n d  e x c h a n g e ” r e a c t i o n s  a r e .
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f i r s t )  R^N, R2NH, RNH2 « T here  i s  no c o r r e l a t i o n  w i t h  s t r e n g t h  
o f  t h e  am ines  a s  B ro n s te d -L o w ry  b a s e s .  The more h i g h l y  b ra n c h e d  
t h e  c a rb o n  c h a i n ,  t h e  more w e ak ly  t h e  amine i s  h e l d .  
E th y le n e d ia m in e  (NH2C2Hj^NH2 ) , and 1 , 2 -  p r o p a n e -
d ia m in e  a r e  v e r y  s t r o n g l y  h e l d ;  n e x t  1 , 3 -  p ro p a n e d ia m in e , 1 , 6 -
12h e x a n e d ia m in e  and  1 , 4 -  b u ta n e d ia m in e  a r e  l e s s  s t r o n g l y  b o u n d .
I t  h a s  b e e n  o b s e r v e d  t h a t  h y d r a z in e  (H2N-NH2 ) i t s e l f  i s  much 
more s t r o n g l y  h e l d  t h a n  i t s  d e r i v a t i v e s , m o n o m e th y lh y d ra z in e  
and  1 , 1 -  d i m e t h y l h y d r a z i n e . ^  A lso  e th y l e n e im in e  (^ 2 ^ g ^ ^ 2 )  
i s  more s t r o n g l y  h e l d  t h a n  C -  m e t h y l e t h y le n e i m i n e , and 
N -  h y d r o x y e th y le n e im in e  i s  h a r d l y  bound a t  a l l . ^
The f o l l o w i n g  e l u t i o n  o r d e r  h a s  b e e n  o b s e rv e d  f o r  
p u r i n e  ( (Ojj ) and p y r im id in e  ) b a s e s ,  th y m in e ,
c y t o s i n e ,  a d e n i n e ,  and g u a n i n e . ^
Amino a c i d s  (R -  CHCO2"") h av e  b e e n  s u c c e s s f u l l y  s e p a r a t e d
nh3+
13by  l i g a n d  exch an g e  c h ro m a to g ra p h y .
Amphetamine (C^H^CI^CH^NI^), p h e n e th y la m in e , and r e l a t e d  
compounds h av e  b e e n  s e p a r a t e d  on colum ns o f  c a t io n - e x c h a n g e
T I *1 C
r e s i n s  lo a d e d  w i t h  i o n s  o f  c o p p e r ,  n i c k e l  and cadmium. 9
E x p e r im e n ts  hav e  shown t h a t  t h e  a m in o h e x o s e s , g lu c o s a m in e ,
CHxOH
g a la c to s a m in e  ( anc* mannosami ne a ^e s t r o n g l y  h e ld
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+2 +2 ISon c a t io n - e x c h a n g e  r e s i n  lo a d e d  by Ni o r  Cu , J
A l k a l o i d s  (M orphine
on r e s i n s  h a v in g  f u n c t i o n a l  c a r b o x y l  g ro u p s  com bined w i t h  
c o p p e r  ( I I )  i o n s . ^ " " ^
KRTHUk u*ZOLOKADO SCHOOL oi am,*..
ÔDLDENj CQ LQ m >Q  8Q4Q1
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EXPERIMENTATION
Sample P r e p a r a t i o n
To o b t a i n  a  hom ogeneous s a m p le ,  t h e  c o a l  l i q u i d  was sh a k e n  
f o r  a b o u t  one h o u r  and d i v i d e d  i n t o  s m a l l  b o t t l e s .  T hese  sa m p le s  
w ere  n o t  s u b d iv id e d  i n  l a t e r  a n a ly s e s #
R e a g e n t
A n h y d ro u s ,  a n a l y t i c a l  r e a g e n t  g ra d e  m e th a n o l  ( M a l l i n c k -  
r o d t  C h em ica l Works C o . ) was u s e d .
S o l u t i o n s  o f  c o p p e r  c h l o r i d e  i n  m e th a n o l  w ere  made by  
s t i r r i n g  ( a t  a m b ie n t  t e m p e r a t u r e s )  a n h y d ro u s  c o p p e r  c h l o r i d e  
( r e a g e n t  g r a d e ,  B a k e r  and Adamson C o .)  i n  m e th a n o l  f o r  a  few  
m in u te s  u n t i l  t h e  s o l u t i o n  became s a t u r a t e d .  The am m onical 
c o p p e r  ( I I )  s u l f a t e  s o l u t i o n  was p r e p a r e d  by p a s s i n g  ammonia 
g a s  a t  a  low f lo w  r a t e  th r o u g h  aq u eo us  c o p p e r  ( I I )  s u l f a t e  
( a n h y d r o u s ,  r e a g e n t  g r a d e ,  B a k e r  and Adamson C o .)  s o l u t i o n  
f o r  one h a l f  h o u r  u n t i l  t h e  s o l u t i o n  became d a rk  b l u e  i n  
c o l o r .
T hese  r e a g e n t s  w ere  u se d  i n  t h e  K je ld a h l - G u n n in g  p r o c e s s ,  
p o ta s s iu m  s u l f a t e ,  m e rc u ry  ( I I )  s u l f a t e ,  s e l e n iu m ,  g r a n u l a r  
z i n c ,  a l l  r e a g e n t  g r a d e .
A l k a l i  s o l u t i o n  was p r e p a r e d  from  100 g o f  p o ta s s iu m  
s u l f i d e  and  400 g o f  sodium  h y d r o x id e  d i s s o l v e d  i n  d i s t i l l e d  
w a t e r  and d i l u t e d  t o  one l i t e r  w i t h  d i s t i l l e d  w a t e r .
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M e th y l  r e d  i n d i c a t o r  s o l u t i o n  was p r e p a r e d  by  d i s s o l v i n g
0 . 1  g o f  m e th y l  r e d  i n  50 ml o f  m e th y l  a l c o h o l  and a d d in g  
50 ml o f  d i s t i l l e d  w a t e r .
Sodium h y d r o x id e :  0 .1  t o  0 .2  n o rm al s t a n d a r d  s o l u t i o n .
Sodium h y d r o x id e  s o l u t i o n  was s t a n d a r d i z e d  a g a i n s t  0 . 1  n o rm al 
s u l f u r i c  a c i d .
S u l f u r i c  a c i d :  0 .2  n o rm a l .
Column
A g l a s s  b u r e t  (60  cm, 0 .6 3  cm ID) was u s e d  a s  colum n.
R e s in
A m b e r l i t e ,  CG-120, 2 00 -4 0 0  m esh , $$ c r o s s - l i n k e d ,  s u l ­
f o n a t e  p o l y s t y r e n e  ty p e  r e s i n  (Na+ R S O j) ,  was u s e d  a s  c a t i o n  
e x c h a n g e r .
P r e p a r a t i o n  o f  R e s in
The r e s i n  was t r e a t e d  i n  one o f  two ways t o  r e p l a c e  Na+ 
w i t h  Cu+^ :
Type ( A ) : The r e s i n  was s t i r r e d  f o r  a b o u t  t e n  m in u te s  w i t h
am m onical c o p p e r  ( I I )  s u l f a t e  s o l u t i o n  and t h e n  w ashed  w i t h  
am m onical m e th a n o l  s o l u t i o n ,  u n t i l  t h e  w a sh in g s  w ere  c o l o r l e s s .  
The r e s i n  was p l a c e d  i n t o  t h e  b u r e t t e  and w ashed  w i t h  300 ml 
o f  m e th a n o l .
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Type ( B ) : The r e s i n  was s t i r r e d  f o r  a b o u t  t e n  m in u te s  i n
a  s o l u t i o n  o f  c o p p e r  ( I I )  c h l o r i d e  d i s s o l v e d  i n  m e th a n o l .  The 
r e s i n  was t h e n  w ashed  w i t h  m e th a n o l  u n t i l  a  s i l v e r  n i t r a t e  
t e s t  w i t h  w a s h in g s  d i d  n o t  i n d i c a t e  t h e  p r e s e n c e  o f  c h l o r i d e .
The r e s i n  was lo a d e d  i n t o  a  colum n and t h e  packed  column 
was w ashed  w i t h  300 ml o f  m e th a n o l .
P r o c e d u r e s  f o r  t h e  N i t r o g e n  Compound S e p a r a t i o n s
The e x p e r i m e n t a l  w ork i n c l u d e d  t h r e e  s t a g e s .  I n  t h e  f i r s t ,
t h e  p e r c e n t a g e  o f  n i t r o g e n  i n  c o a l  and c o a l  l i q u i d  was d e t e r -
17m ined  by t h e  K je ld a h l - G u n n in g  m ethod a s  f o l l o w s :  ' One t o  
two gram s o f  t h e  sam ple  w ere  w e ig h ed  i n t o  a  500-m l b o i l i n g  
f l a s k .  F o r  e a c h  gram o f  t h e  s a m p le ,  6 .5  g o f  p o ta s s iu m  
s u l f a t e ,  1 .0  g o f  m e r c u r ic  s u l f a t e ,  0 .2  g o f  s e le n iu m ,  and 
35 ml o f  s u l f u r i c  a c i d  ( r e a g e n t )  w ere  added  t o  t h e  f l a s k .
The c o n t e n t s  o f  t h e  f l a s k  w ere  s w i r l e d  t o  e n s u r e  th o ro u g h  
m ix in g  and  w e t t i n g  o f  t h e  s a m p le .  The d i g e s t i o n  a p p a r a t u s  
was a r r a n g e d  a s  shown i n  F i g .  1 .
The c o n t e n t s  w ere  h e a t e d  t o  b o i l i n g  ( t h e  h e a t  i n p u t  was 
c o n t r o l l e d  i n  su c h  m anner t h a t  t h e  s u l f u r i c  a c i d  v a p o r s  
c o n d en se d  no more t h a n  h a l fw a y  up  t h e  c o n d e n s e r ) .  The 
b o i l i n g  was c o n t in u e d  u n t i l  a l l  t h e  sam p le  was o x i d i z e d ,  a s  
e v id e n c e d  by  a  n e a r l y  c o l o r l e s s  s o l u t i o n .
When t h e  d i g e s t i o n  was c o m p le te  and t h e  s o l u t i o n  had
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F i g .  1 D i g e s t i o n  a p p a r a t u s
b e e n  c o o l e d ,  a  few  c r y s t a l s  o f  p o ta s s iu m  p e rm a n g a n a te  w ere  
add ed  t o  e n s u r e  c o m p le te  o x i d a t i o n .  The s o l u t i o n  was h e a t e d  
t o  d e s t r o y  t h e  e x c e s s  p e rm a n g a n a te  and d e c o l o r i z e  t h e  s o l u ­
t i o n .
The c o o le d  d i g e s t i o n  m ix tu r e  was d i l u t e d  t o  a b o u t  300 ml 
w i t h  d i s t i l l e d  w a t e r ,  and  c o o le d  i n  a  w a t e r  b a t h ,  t o  remove
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t h e  h e a t  o f  d i l u t i o n .
2 0 .0  ml o f  (0 .2 N ) s u l f u r i c  a c i d  w ere  m easu red  i n t o  a  
250 -m l E r le n m y e r  f l a s k  and a  few  d ro p s  o f  m e th y l  r e d  w ere  
a d d e d .  The f l a s k  was a t t a c h e d  t o  a c o n d e n s e r  w i t h  t h e  o u t l e t  
t u b e  o f  t h e  a d a p t e r  subm erged  t o  maximum d e p th  i n  t h e  a c i d .
One t o  two grams o f  g r a n u l a r  z in c  w ere  added  t o  t h e  
m ix tu r e  i n  t h e  d i g e s t i o n  f l a s k  and 120 ml o f  t h e  a l k a l i  
s o l u t i o n  f o r  e a c h  35 ml o f  s u l f u r i c  a c i d  was added  v e r y  
s lo w ly  so  t h a t  i t  fo rm ed  a  d i s t i n c t  l a y e r  u n d e r  t h e  a c i d  
s o l u t i o n .
The f l a s k  was c o n n e c te d  q u i c k l y  t o  t h e  d i s t i l l i n g  con­
d e n s e r  a s  shown i n  F i g .  2 .
F i g .  2 D i s t i l l a t i o n  a p p a r a t u s
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The c o n t e n t s  w ere  b r o u g h t  c a r e f u l l y  t o  b o i l i n g .  A f t e r  
c o l l e c t i n g  100 ml o f  d i s t i l l a t e ,  t h e  E r le n m y e r  f l a s k  was rem oved . 
The c o n d e n s e r  and a d a p t e r  w ere  r i n s e d  w i t h  d i s t i l l e d  w a t e r .
T hese  w a sh in g s  w ere  com bined w i t h  t h e  d i s t i l l a t e .  The e x c e s s  
a c i d  was t h e n  t i t r a t e d  w i t h  s t a n d a r d  sodium  h y d r o x id e .  A 
b l a n k  d e t e r m i n a t i o n  was made i n  t h e  same m anner t o  c o r r e c t  
f o r  n i t r o g e n  from  s o u r c e s  o t h e r  t h a n  t h e  sa m p le .  S u c ro s e  
was u s e d  f o r  b l a n k  d e t e r m i n a t i o n s .
A b l a n k  d e t e r m i n a t i o n  was made w h en ev er  a  new b a t c h  o f  
any  r e a g e n t  was u s e d  i n  t h e  a n a l y s i s .
C a l c u l a t i o n
The p e r c e n t a g e  o f  n i t r o g e n  i n  t h e  sam p le s  was c a l c u l a t e d  
a s  f o l l o w s :  The e q u i v a l e n t ? o f  s u l f u r i c  a c i d  was c a l c u l a t e d
fro m  t h e  amount o f  NaOH w h ich  was u s e d  f o r  t i t r a t i o n .
B = m i l l i l i t e r s  o f  s t a n d a r d  s o l u t i o n  o f  sodium  h y d ro x id e  r e ­
q u i r e d  f o r  t i t r a t i o n  o f  t h e  b l a n k .
A = m i l l i l i t e r s  o f  s t a n d a r d  s o l u t i o n  o f  sodium  h y d ro x id e  
r e q u i r e d  f o r  t i t r a t i o n  o f  t h e  sa m p le .
N = n o r m a l i t y  o f  t h e  sod ium  h y d ro x id e  s o l u t i o n .
C = grams o f  t h e  sam p le  u s e d .
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H2S0, + 2NaOtt------ : Na2S0, + 2H20
e q u i v a l e n t s  o f  a c i d  t i t r a t e d  w i t h  NaOH i n  b l a n k  d e t e r m i n a t i o n s :  
(B ml Of NaOH) ( N ) e q u i v o f H ^
f t r\r\r\ ml o f  NaOH \ 
A 1UUU l i t  o f  NaOH ;
e q u iv  o f  NaOH
= B * N ( a )
TOTT
e q u i v a l e n t s  o f  a c i d  t i t r a t e d  w i t h  NaOH i n  sam p le  d e t e r m i n a t i o n :
(A ml o f  NaOH) (N ^ j ^ o f f NaOHH  ̂ . e q u iv  o f  H2 SO),
i i\T«ntT e q u iv  o f  NaOH/ t r\r\r\ ml NaOH > H
(1 0 0 °  l i t “ NSUH;
_ A * N (b )
1000
The d i f f e r e n c e  b e tw e e n  ( a )  and (b )  i s  t h e  e q u i v a l e n t s  o f  a c i d  
w h ich  i s  n e u t r a l i z e d  by  NH^:
B • N A • N . (B -  A) • N
lb o o  i'Obq 1500
H2S0^+ 2NH3-------------- (NH4 ) 2S0^
n i t r o n ,  = ,(.? -  A) > N _ . e q u iv  o f  NH^
gram n u r o g e n  1000 " g q u lv  'Of H2S0^
N i t r o g e n  *  -  1 100
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The r e s u l t s  o f  t h e s e  d e t e r m i n a t i o n s  a r e  shown i n  T a b le s  ( I )  
and  ( I I ) .
T a b le  I
P e r c e n t a g e  o f  N i t r o g e n  i n  C oal 
Run No. g Sam ple $  N i t r o g e n
1 0 .4 6 3 1  0 .9 5
2 0 .4 7 9 0  1 .0 3
A v erag e  $  = 0 .9 9
( 0 .9 5 $  N r e p o r t e d  by D e p a r tm e n t  o f  C hem ica l and P e t r o le u m  
R e f i n i n g  E n g in e e r i n g .
T a b le  I I
P e r c e n t a g e  o f  N i t r o g e n  i n  C o a l - L iq u id
Run No. g Sample $  N i t r o g e n
1 1 .7 1 4 0 0 .5 0 6
2 1 .3 313 0 .4 9 3
3 1 .2 6 6 3 0 .5 1 2
4 1 .2 103 0 .4 S 2
5 1 .3 3 9 4 0 .4 9 2
A v erage  $  = 0 .4 9 7  + 0 .0 1 2
M e th an o l  was c h o se n  a s  t h e  s o l v e n t  t o  d i s s o l v e  t h e  com­
pounds w h ich  c o n t a i n  n i t r o g e n  (a m in e s )  and t o  d e v e lo p  th e  
ch ro m a to g ram . F o r  t h e  p u rp o s e  o f  d e t e r m i n a t i o n  o f  t h e
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s o l u b i l i t y  o f  t h e  n i t r o g e n  compounds i n  m e th a n o l ,  a  few  grams 
o f  sam p le  ( c o a l  l i q u i d )  w ere  w e igh ed  i n t o  an  E r le n m y e r  f l a s k  
and t h e n  m e th a n o l  was a d d e d .  The c o n t e n t s  o f  t h e  f l a s k  w ere  
s h a k e n  and  a f t e r  two o r  t h r e e  d a y s  t h e  c o n t e n t s  o f  t h e  f l a s k  
w ere  f i l t e r e d  ( w i th  p a p e r  f i l t e r )  i n t o  a t a r e d  500-m l b o i l i n g  
f l a s k .  The m e th a n o l  was rem oved u n d e r  vacuum i n  a  d e s i c c a t o r .
The b o i l i n g  f l a s k  and c o n t e n t s  w ere  w e ig h e d .  The d i f f e r e n c e  o f  
two w e ig h in g s  gave t h e  w e ig h t  o f  m a t e r i a l s  i n  f l a s k .
The amount o f  t h e  r e a g e n t s  n eed ed  f o r  K je ld a h l - G u n n in g  
p r o c e s s  w ere  c a l c u l a t e d  from  t h e s e  w e i g h t s .  The s o l u t i o n s  
f ro m  r u n s  No. 6 ,  7 ,  3 and 9 a f t e r  f i l t e r i n g  w ere  d i v i d e d  i n  
two p a r t s .  The f i r s t  p a r t s  w ere  u s e d  f o r  m e a s u r in g  t h e  p e r c e n ­
t a g e  o f  n i t r o g e n .  The r e s u l t s  a r e  i n  T ab le  I I I .
The se c o n d  p a r t s  o f  No. 6 and 7 w ere  s u b j e c t e d  t o  l i g a n d  
e x ch an g e  i n  colum ns o f  ty p e  A, and No. 8  and 9 i n  co lum ns o f  
t y p e  B.
The f i r s t  f r a c t i o n  was c o l l e c t e d  i n t o  a  500-m l b o i l i n g  
f l a s k  by p a s s i n g  m e th a n o l  t h r o u g h  t h e  column t o  remove t h o s e  com­
pounds w h ich  w ere  n o t  a b s o r b e d  by  t h e  r e s i n .  A bout 300 ml o f  
m e th a n o l  was u s e d .  Then am m onical m e th a n o l  s o l u t i o n  was 
p a s s e d  th r o u g h  t h e  co lum n. T h is  f r a c t i o n  was c o l l e c t e d  i n t o  
a  500-m l b o i l i n g  f l a s k .  The s o l v e n t  was removed u n d e r  vacuum
T-1855
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T a b le  I I I
P e r c e n t a g e  o f  N i t r o g e n  D is s o lv e d  i n  M e th an o l
Run No. g Sample Ml MeOH P e r  
g Sample
io N i t r o g e n  D is s *
1 1 .0 0 4 40 65..40
2 1 .0 4 1 0 50 64*60
3 2 .7 1 0 3 90 65 *60
4 2 .6 4 4 4 100 64 .00
5 3 .1S 7S 100 6 6 .0 0
6 2 .21S 5 100 67*00
7 3*4493 100 6 6 .6 0
S 2 .2 3 4 0 100 65 .6 0
9 2 .9 3 9 0 S5 6 5 .2 0
A v erage  $  = 65*44 + 0 .9 3  
* $ N i t r o g e n  d i s s o l v e d  c a l c u l a t i o n  i s  b a s e d  on a v e ra g e  *f> o f  
n i t r o g e n  i n  s a m p le .
i n  a  d e s i c c a t o r .
The amount o f  n i t r o g e n  i n  t h e s e  f r a c t i o n s  was m ea su re d  
by  K je ld a h l - G u n n in g  m e th o d .
The d a t a  f ro m  colum ns ty p e  A ' a r e  shown i n  T a b le  IV , 
and  co lum ns o f  ty p e  B i n  T a b le  V.
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T a b le  IV
The D a ta  From Column Type A
$  N i t r o g e n  $  N i t r o g e n
Run No. E lu t e d  by  MeOH E lu t e d  by  NH^/MeOH
6 3 2 .2  1 4 .5
7 3 2 .6  1 3 .2
T a b le  V
The D a ta  From Column Type B
i<> N i t r o g e n  $  N i t r o g e n
Run No. E lu t e d  by MeOH E lu t e d  by NĤ  i n  MeOH
3 5 5 .5  4 9 .7
9 5 6 .5  4 7 .3
jo N L o s t
+ 3 .3  
+ 4*2
jo N L o s t
-  5 .2
-  4 .3
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DISCUSSION
A c c o rd in g  t o  d a t a  from  t h e  d e t e r m i n a t i o n  o f  t h e  n i t r o g e n  i n  
t h e  c o a l  and c o a l  l i q u i d  shown i n  T a b le s  I  and I I ,  t h e  p e r c e n t a g e  
o f  t h e  n i t r o g e n  i n  t h e  c o a l  l i q u i d  i s  r e d u c e d  t o  a b o u t  0 .5  
p e r c e n t  com pared t o  1 .0  p e r c e n t  i n  t h e  c o a l .  B ecause  t h e  amount 
o f  c o a l  w h ich  i s  u s e d  i n  l i q u e f i c a t i o n  i s  n o t  co m p arab le  t o  
t h e  amount o f  t h e  c o a l  l i q u i d  w h ich  i s  p r o d u c e d ,  t h e  p e r c e n t a g e  
o f  t h e  n i t r o g e n  i n  t h e  c o a l  c a n n o t  be d i r e c t l y  com pared t o  t h e  
p e r c e n t a g e  o f  t h e  n i t r o g e n  i n  t h e  c o a l  l i q u i d .  T here  i s  some 
l o s s  o f  n i t r o g e n  a s  NH  ̂ gas  d u r i n g  t h e  h y d r o g e n a t io n  p r o c e s s ;  
h o w e v e r ,  t h e  m a g n i tu d e  o f  t h i s  d e c r e a s e  i s  n o t  d e f i n e d  by  t h e  
a n a l y s e s .
M e th a n o l  was c h o se n  a s  ch rom atog ram ph ic  s o l v e n t  b e c a u s e  o f  
i t s  h ig h  p o l a r i t y .  P r o p e r  o p e r a t i o n  o f  t h e  l i g a n d  exchang e  
r e s i n  r e q u i r e s  e f f i c i e n t  s o l v a t i o n  o f  t h e  a c t i v e  r e s i n  s i t e s .
As t h e  d a t a  i n  T a b le  I I I  show , a b o u t  65 p e r c e n t  o f  t h e  
n i t r o g e n  i s  s o l u b l e  i n  m e th a n o l .  D a ta  on t h e  r e c o v e r y  o f  t h e  
c o a l  l i q u i d  from  c o a l  i n d i c a t e  t h a t  a b o u t  30 p e r c e n t  o f  t h e  
c o a l  i s  c o n v e r t e d  t o  c o a l  l i q u i d . ^  M e th an o l  i s  n o t  a  good 
s o l v e n t  f o r  c o a l ;  o n ly  a b o u t  10 p e r c e n t  o f  c o a l  i s  s o l u b l e
13
i n  a l c o h o l .  An a t t e m p t  t o  d i s s o l v e  0 .5  gram c o a l  i n  50 ml 
m e th a n o l  r e s u l t e d  i n  i n d e t e c t a b l e  am ounts o f  c o a l  i n  s o l u t i o n .  
T h e r e f o r e  some o f  t h e  l o s s  may be i n  t h e  fo rm  o f  u n r e a c t e d  c o a l .  
F u r t h e r ,  some o f  t h e  n i t r o g e n  compounds i n  t h e  c o a l  l i q u i d  may
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h av e  p o l y n u c l e a r  s t r u c t u r e  and t h u s  n o t  be  s o l u b l e  i n  m e th a n o l .  
The r e s u l t s  c l e a r l y  show t h a t  some n i t r o g e n  compounds u n d e rg o  
l i g a n d  ex ch an ge  and a r e  r e t a i n e d  on t h e  co lum n. The p e r c e n t a g e  
o f  t h e  n i t r o g e n  w h ich  i s  a b s o rb e d  by t h e  l i g a n d  e x c h a n g e r  i s  
v e r y  d i f f e r e n t  f o r  t h e  two t y p e s  o f  r e s i n .  In d e e d  Type B 
a b s o r b s  a b o u t  t h r e e  t im e s  t h e  n i t r o g e n  a b s o rb e d  by Type A.
L ig a n d  exchange  on Type A r e s i n s  r e q u i r e s  d i s p l a c e m e n t  o f  an  
ammonia m o le c u le  from  i t s  c o o r d i n a t i o n  s i t e  on t h e  C u ( I l )  i o n .  ! 
W ith  ty p e  B r e s i n s ,  l i g a n d  ex ch ange  r e q u i r e s  d i s p l a c e m e n t  o f  
a  s o l v e n t  (m e th a n o l )  m o le c u le  f rom  t h e  c o o r d i n a t i o n  s i t e .  S in c e  
ammonia fo rm s  much s t r o n g e r  com plexes  w i t h  C u ( I l )  t h a n  d o es  
CH^OH, w e a k ly  c o o r d i n a t i n g  l i g a n d s  may be u n a b le  t o  exchang e  
on Type A r e s i n s  b u t  be  a b l e  t o  do so  on t h e  Type B r e s i n s .
S e p a r a t e  50 ml f r a c t i o n s  o f  t h e  NH3/MeOH e l u a n t  from  t h e  
l i g a n d - e x c h a n g e  column w ere  c o l l e c t e d .  E x p l o r a t o r y  g as  chrom a­
t o g r a p h i c  a n a l y s i s  o f  e ac h  f r a c t i o n  showed a  s m a l l  num ber o f  
p e a k s  ( l e s s  t h a n  t e n ) .  No compounds w ere  fo u n d  i n  t h e  f i r s t  
f r a c t i o n .  The number o f  p e a k s  ( a s  d e te rm in e d  by r e t e n t i o n  t im e )  
was fo u n d  t o  i n c r e a s e  i n  t h e  s e c o n d  and t h i r d  f r a c t i o n s  and 
t h e n  d e c r e a s e  t o  z e r o  i n  t h e  f o u r t h  and f i f t h  f r a c t i o n s .  T h e re ­
f o r e  some s e p a r a t i o n  o f  i n d i v i d u a l  compounds on t h e  l i g a n d -  
ex ch a n g e  colum n was i n d i c a t e d .
The p o s s i b i l i t y  t h a t  some s u l f u r  compounds w ere  a l s o  ab ­
s o r b e d  on th e  r e s i n  was c o n s i d e r e d .  S u l f u r  a n a l y s i s  o f  t h e
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e l u a n t  i n d i c a t e d  no s u l f u r  i n  t h e  f r a c t i o n s *  The d a t a  i n  
T a b le  V show t h a t  ty p e  B r e s i n s  a b s o rb  o n ly  a b o u t  50 p e r c e n t  
o f  t h e  n i t r o g e n *  T h is  m ig h t  be  due t o  p r e s e n c e  o f  n i t r o g e n  
compounds o f  i n s u f f i c i e n t  Lew is b a s i c i t y  t o  b eh av e  a s  l i g a n d s  
to w a rd  C u ( I l ) .  Some a r o m a t i c  am ines and some am ides  may f a l l  
i n  t h i s  c a t e g o r y .
T here  i s  no d a t a  on t h e  amount o f  r e c o v e r y  o f  n i t r o g e n
o __ i _  c
i n  l i q u i d  f u e l s  by  o t h e r  m e th o d s^ “ ^“ p t o  a l lo w  c o m p a r iso n  
o f  r e c o v e r y  e f f i c i e n c y .
The ty p e  A r e s i n  d o e s  hav e  one a d v a n ta g e  o v e r  ty p e  B.
A f t e r  e l u t i o n ,  t h e  r e s i n  i s  r e t u r n e d  t o  i t s  o r i g i n a l  fo rm  and 
i s  r e a d y  f o r  a n o t h e r  s e p a r a t i o n  w i t h o u t  f u r t h e r  t r e a t m e n t .  On 
t h e  o t h e r  h a n d ,  on c o n t in u e d  u s e  t h e  c o n c e n t r a t i o n  o f  m e ta l  
i o n s  on t h e  r e s i n  d e c r e a s e s . ^
A n o th e r  p ro b lem  w h ich  m ig h t  a r i s e  w i t h  ty p e  A r e s i n s  i s  
t h e  p r e s e n c e  o f  w a t e r  i n  t h e  r e s i n  due t o  in c o m p le te  d i s ­
p la c e m e n t  o f  H2O by  NH^. Ammonium i o n  may be  fo rm ed  by t h e  
p r o c e s s :
H2O + NH  ̂ (m e th a n o l )  — — ( me t ha no l )  + OH-  (M e th a n o l)  
The r e s u l t i n g  ammonium i o n  w ould  be  e x p e c te d  t o  d i s p l a c e  
C u ( I l )  from  t h e  r e s i n  by n o rm al i o n  e x c h a n g e . ^  T h is  p ro b lem  
c o u ld  p o s s i b l y  be a v o id e d  by  d i s s o l v i n g  t h e  c o p p e r  ( I I )  s u l f a t e  
i n  m e th a n o l  i n s t e a d  o f  t^ O .
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The f o u r t h  column o f  T a b le  IV shows a  l o s s  o f  a b o u t  
f o u r  p e r c e n t  o f  t h e  t o t a l  n i t r o g e n  i n  t h e  p r o c e s s .  I t  i s  
p o s s i b l e  t h a t  some o f  t h e  n i t r o g e n  compounds re m a in  i n  t h e  
co lum n , n o t  b e in g  e l u t e d  by s o l v e n t .  However, t h e s e  am ounts 
c o r r e s p o n d  t o  r a t h e r  s m a l l  a b s o l u t e  q u a n t i t i e s  and may r e ­
f l e c t  t h e  l i m i t  o f  t h e  r e p r o d u c i b i l i t y  o f  t h e  a n a l y t i c a l  m e th o d .
I n  T a b le  V, colum n f o u r ,  t h e  d a t a  show a b o u t  4#5 p e r c e n t  
more n i t r o g e n  t h a n  t h e  t o t a l  n i t r o g e n  i n i t i a l l y  p r e s e n t  i n  t h e  
c o a l  l i q u i d .  The m ost p r o b a b le  c a u se  i s  t h e  p r e s e n c e  o f  f r e e  
C u ( I I )  i o n s  i n  t h e  co lum n, w h ich  w ould  fo rm  s t a b l e  com plexes  
( Cu(NH«^)^ w i t h  ammonia m o le c u le s  and C l“  p r e s e n t  i n
co lum n.
T hese  com plexes  a r e  e l u t e d  by s o l v e n t  i n t o  t h e  f r a c t i o n  
w h ich  i s  c o l l e c t e d  and  i n c r e a s e  t h e  amount o f  n i t r o g e n  i n  
t h e  f r a c t i o n .
The c o a l  l i q u i d s  c o n t a i n  a b o u t  two p e r c e n t  i r o n . ^  F e ( I l )  
i o n s  c o u ld  d i s p l a c e  C u ( I l )  i o n s  on t h e  r e s i n  and f r e e  t h e  C u ( I l )  
i o n s .  D e te r m in a t io n  o f  C u ( I l )  i n  t h e  e l u a n t  by  a to m ic  a b s o r p t i o n  
i n d i c a t e d  s i g n i f i c a n t  l o s s  o f  C u ( I l )  f rom  th e  co lum n.
O th e r  m e t a l  i o n s  p r e s e n t  i n  t h e  c o a l  l i q u i d ,  w h ich  can  
fo rm  s t a b l e  com plexes  w i t h  ammonia, may c a u se  t h e  same p ro b le m .
F o r  f u r t h e r  u s e  o f  l i g a n d  exch ange  c h ro m a to g ra p h y  f o r  
s e p a r a t i o n  o f  t h e  n i t r o g e n  compounds from  c o a l  l i q u i d ,  some
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s u g g e s t i o n s  can  be  made.
1 .  The u s e  o f  m e t a l  i o n s  o t h e r  t h a n  C u ( I I ) ,  su c h  a s  N i ( I l )
20o r  C o ( I I I )  s h o u ld  be s t u d i e d .  N ic k e l  i o n s ,  o f  t h o s e  
i o n s  w h ich  fo rm  ammonia c o m p le x e s ,  a r e  m ost s t ro n g ly -  
bound t o  s u l f o n a t e d  p o l y s t y r e n e  r e s i n s . u i ( i l )  
i o n s  have  b e e n  more w id e ly  em ployed t h a n  o t h e r  m e ta l  
i o n s  i n  l i g a n d  exchang e  c h ro m a to g ra p h ic  s e p a r a t i o n  o f  
am ine compounds.
2 .  C a t io n  ex chan ge  r e s i n s  w i t h  c a r b o x y l  f u n c t i o n a l  g r o u p s ,  
show somewhat b e t t e r  m e t a l  r e t e n t i o n  t h a n  t h o s e  w i th  
s u l f o n a t e  f u n c t i o n a l  g r o u p s . - ^ - 2 1  a d v a n ta g e  c o u ld
d e c r e a s e  some o f  t h e  e r r o r  due t o  d i s p l a c e m e n t  o f  m e ta l  
i o n s  f rom  t h e  r e s i n .
3 .  S o l v e n t s  o t h e r  t h a n  m e th a n o l  s h o u ld  be  i n v e s t i g a t e d .  
T e t r a h y d r o f u r a n  (THF) h a s  been  shown t o  be a good s o l v e n t  
f o r  t h e  d i s s o l u t i o n  o f  c o a l  l i q u i d s .
E x p e r im e n ta t io n  d e m o n s t r a te d  v e r y  h ig h  s o l u b i l i t i e s  o f  c o a l
l i q u i d s  i n  t e t r a h y d r o f u r a n .  T e t r a h y d r o f u r a n ,  a l s o ,  i s  a
s t r o n g e r  Lew is b a s e  t h a n  m e th a n o l  due t o  i n c r e a s e d  e l e c t r o n
d e n s i t y  on oxygen  i n  t e t r a h y d r o f u r a n .  T h e r e fo r e  t e t r a h y d r o f u r a n
c a n  fo rm  more s t a b l e  com plexes  w i t h  m e ta l  i o n s  l i k e  C u ( l l ) ,
22N i ( l l )  and e t c . ,  t h a n  can  m e th a n o l .
I f  com plexed  l i g a n d s  w ere  e l u t e d  by d i s p l a c e m e n t  by t h e  
s o l v e n t ,  t e t r a h y d r o f u r a n ,  m o le c u l e s ,  t h e n  i n i t i a l  rem o v a l  o f  
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